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What is HERA?



A funded (!) interferometer array of 350 
dishes of 14 m diameter to do low-

frequency 21 cm cosmology

154 m



• 350 dishes, 14m diameter each. 

• Primary science focus: 6 < z < 13, with possibility of 5.5 
< z < 27. 

• Drift-scan instrument. 

• High significance measurement of 21cm power 
spectrum:              to              depending on foregrounds

What is HERA?

⇠20� ⇠90�



HERA is primarily 
designed to access the 
Epoch of Reionization…



• ζ: ionizing efficiency of first galaxies 

• Tvir: minimum virial temperature (proxy 
for mass) of first ionizing galaxies 

• Rmfp: mean free path of ionizing photons

A three-parameter reionization model
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12 B. Greig et al.

Observing strategy Parameter x̄H I

(with/without modelling uncertainty) ⇣0 Rmfp (Mpc) log10(Tmin
vir ) z = 8 z = 9 z = 10

100 deg2 @ 1000 h (without) 30.66+1.20
�1.11 15.94+1.77

�1.42 4.49+0.02
�0.02 0.48+0.01

�0.01 0.71+0.01
�0.01 0.84+0.01

�0.01

1000 deg2 @ 100 h (without) 30.25+1.02
�1.07 15.43+0.31

�1.03 4.48+0.02
�0.02 0.48+0.01

�0.01 0.70+0.01
�0.01 0.83+0.01

�0.01

10 000 deg2 @ 10 h (without) 28.71+0.96
�0.82 14.22+0.22

�0.19 4.43+0.02
�0.02 0.47+0.01

�0.01 0.69+0.01
�0.01 0.82+0.01

�0.01

100 deg2 @ 1000 h (with 10 per cent) 30.68+2.44
�2.18 15.49+2.21

�1.94 4.49+0.05
�0.05 0.48+0.02

�0.02 0.71+0.01
�0.01 0.84+0.01

�0.01

1000 deg2 @ 100 h (with 10 per cent) 30.62+2.68
�2.33 15.12+1.95

�1.66 4.49+0.06
�0.06 0.49+0.02

�0.02 0.71+0.01
�0.01 0.84+0.01

�0.01

10 000 deg2 @ 10 h (with 10 per cent) 30.70+3.44
�2.84 14.96+2.05

�1.69 4.49+0.07
�0.07 0.48+0.02

�0.02 0.71+0.02
�0.02 0.84+0.01

�0.01

100 deg2 @ 1000 h (with 25 per cent) 31.68+6.08
�4.45 14.81+2.90

�3.04 4.51+0.11
�0.11 0.49+0.04

�0.04 0.71+0.03
�0.03 0.84+0.02

�0.02

1000 deg2 @ 100 h (with 25 per cent) 31.84+6.00
�4.56 14.87+2.90

�3.00 4.51+0.11
�0.11 0.49+0.04

�0.04 0.71+0.03
�0.03 0.84+0.02

�0.02

10 000 deg2 @ 10 h (with 25 per cent) 32.10+6.87
�4.97 14.81+2.91

�3.01 4.52+0.12
�0.12 0.49+0.05

�0.04 0.71+0.03
�0.03 0.84+0.02

�0.02

Table 2. Summary of the median recovered values (and associated 16th and 84th percentile errors) for our three EoR model parameters,
⇣0, Rmfp and T

min
vir and the associated IGM neutral fraction, x̄H I

for all considered observing strategies (with a 10 and 25 per cent
modelling uncertainty and without a modelling uncertainty). Our fiducial parameter set is (⇣0, Rmfp, log10T

min
vir ) = (30, 15 Mpc, 4.48)

which results in an IGM neutral fraction of x̄H I

= 0.48, 0.71, 0.83 at z = 8, 9 and 10 respectively.

Instrument Parameter (% error)

(multi-z) ⇣
⇣
fid

R
mfp

R
fid,mfp

log
10

(Tmin

vir

)

log
10

(Tmin

vir,fid)

LOFAR 1.32 (40.38) 1.03 (20.06) 1.05 (5.43)

HERA 1.03 (11.81) 1.00 (11.99) 1.00 (1.95)

SKA 1.02 (6.11) 1.00 (10.04) 1.00 (0.96)

Table 3.

pletely overwhelming any potential gains by shortening the
observing times (decreasing the cosmic variance). In e↵ect,
all observing strategies now have the same sensitivity to the
21 cm PS on large scales. On smaller scales, the decreased
thermal noise contribution from the deep and medium-deep
surveys relative to the shallow survey ensures these are pre-
ferred for recovering the EoR constraints in the presence
of a modelling uncertainty. However, as noted in GM15,
increased sensitivity on small scales does not significantly
aid EoR constraints across multiple epoch observations, as
the reionisation history is still adequately sampled from the
large-scales.

Finally, as in Section 4.1, with SKA1–low we can com-
bine all three observing strategies to provide improved over-
all constraints on our EoR parameters. In the case of our
25 (10) per cent modelling uncertainty, we then find the im-
proved constraints of 10.5 (4.9) per cent on ⇣, 10.7 (6.9)
per cent on Rmfp and 1.4 (0.7) per cent on log10T

min
vir . This

highlights the importance of being able to accurately model
the astrophysics of the EoR process. Although, EoR model
dependent, we find up to a factor of 4-5 (2-3) reduction in
the overall fractional precision of the EoR model parameters
for our 25 (10) per cent modelling uncertainty, respectively.
This exemplifies the critical need to further increase and de-
velop our understanding of the modelling of the EoR physics,
in preparation for the quality of data expected from second
generation experiments such as SKA1–low and HERA.

As eluded to previously, our discussions have focused
solely on the recovery of EoR constraints from the 21 cm
PS. While beyond the scope of this current work, constraints

on the EoR model parameters could be further improved by
considering alternative statistics of the 21 cm signal. These
statistics, such as the bispectrum (e.g. Shimabukuro et al.
2015) and other non-Gaussian probes of the 21 cm signal,
would likely benefit from increased sensitivity to small and
intermediate scales and in turn could be more descriptive
statistics than the 3D spherically average 21 cm PS.

5 CONCLUSION

The reionisation epoch is astrophysics rich, probing the
growth, formation and evolution of the first stars and galax-
ies and their physical impact on the IGM ionisation state
and temperature. With this epoch most readily observed
by the redshifted 21 cm hyperfine transition of neutral hy-
drogen, dedicated radio interferometers, such as SKA1–low
should be able, in the near future, to tap into this rich source
of information. For this, it is of vital importance to further
improve our ability to numerically model these complex pro-
cesses to extract as much information as possible from these
sensitive observations. However, it is just as important that
these instruments are tuned and optimised to yield as high
quality a detection of the EoR epoch as possible.

Using the MCMC based EoR analysis tool 21CMMC

(Greig & Mesinger 2015), we explored the optimisation of
SKA1–low. Recently, a generalised final design for SKA1–
low was announced, outlining a ⇠130 000 dipole antenna
array, a 50 per cent reduction of the originally planned first
stage instrument. Therefore we explored how best to dis-
tribute these available resources to optimise SKA1–low for
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vir,fid)

LOFAR 1.32 (40.38) 1.03 (20.06) 1.05 (5.43)

HERA 1.03 (11.81) 1.00 (11.99) 1.00 (1.95)

SKA 1.02 (6.11) 1.00 (10.04) 1.00 (0.96)

Table 3.

pletely overwhelming any potential gains by shortening the
observing times (decreasing the cosmic variance). In e↵ect,
all observing strategies now have the same sensitivity to the
21 cm PS on large scales. On smaller scales, the decreased
thermal noise contribution from the deep and medium-deep
surveys relative to the shallow survey ensures these are pre-
ferred for recovering the EoR constraints in the presence
of a modelling uncertainty. However, as noted in GM15,
increased sensitivity on small scales does not significantly
aid EoR constraints across multiple epoch observations, as
the reionisation history is still adequately sampled from the
large-scales.

Finally, as in Section 4.1, with SKA1–low we can com-
bine all three observing strategies to provide improved over-
all constraints on our EoR parameters. In the case of our
25 (10) per cent modelling uncertainty, we then find the im-
proved constraints of 10.5 (4.9) per cent on ⇣, 10.7 (6.9)
per cent on Rmfp and 1.4 (0.7) per cent on log10T

min
vir . This

highlights the importance of being able to accurately model
the astrophysics of the EoR process. Although, EoR model
dependent, we find up to a factor of 4-5 (2-3) reduction in
the overall fractional precision of the EoR model parameters
for our 25 (10) per cent modelling uncertainty, respectively.
This exemplifies the critical need to further increase and de-
velop our understanding of the modelling of the EoR physics,
in preparation for the quality of data expected from second
generation experiments such as SKA1–low and HERA.

As eluded to previously, our discussions have focused
solely on the recovery of EoR constraints from the 21 cm
PS. While beyond the scope of this current work, constraints

on the EoR model parameters could be further improved by
considering alternative statistics of the 21 cm signal. These
statistics, such as the bispectrum (e.g. Shimabukuro et al.
2015) and other non-Gaussian probes of the 21 cm signal,
would likely benefit from increased sensitivity to small and
intermediate scales and in turn could be more descriptive
statistics than the 3D spherically average 21 cm PS.

5 CONCLUSION

The reionisation epoch is astrophysics rich, probing the
growth, formation and evolution of the first stars and galax-
ies and their physical impact on the IGM ionisation state
and temperature. With this epoch most readily observed
by the redshifted 21 cm hyperfine transition of neutral hy-
drogen, dedicated radio interferometers, such as SKA1–low
should be able, in the near future, to tap into this rich source
of information. For this, it is of vital importance to further
improve our ability to numerically model these complex pro-
cesses to extract as much information as possible from these
sensitive observations. However, it is just as important that
these instruments are tuned and optimised to yield as high
quality a detection of the EoR epoch as possible.

Using the MCMC based EoR analysis tool 21CMMC

(Greig & Mesinger 2015), we explored the optimisation of
SKA1–low. Recently, a generalised final design for SKA1–
low was announced, outlining a ⇠130 000 dipole antenna
array, a 50 per cent reduction of the originally planned first
stage instrument. Therefore we explored how best to dis-
tribute these available resources to optimise SKA1–low for
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Observing strategy Parameter x̄H I

(with/without modelling uncertainty) ⇣0 Rmfp (Mpc) log10(Tmin
vir ) z = 8 z = 9 z = 10

100 deg2 @ 1000 h (without) 30.66+1.20
�1.11 15.94+1.77

�1.42 4.49+0.02
�0.02 0.48+0.01

�0.01 0.71+0.01
�0.01 0.84+0.01

�0.01

1000 deg2 @ 100 h (without) 30.25+1.02
�1.07 15.43+0.31

�1.03 4.48+0.02
�0.02 0.48+0.01

�0.01 0.70+0.01
�0.01 0.83+0.01

�0.01

10 000 deg2 @ 10 h (without) 28.71+0.96
�0.82 14.22+0.22

�0.19 4.43+0.02
�0.02 0.47+0.01

�0.01 0.69+0.01
�0.01 0.82+0.01

�0.01

100 deg2 @ 1000 h (with 10 per cent) 30.68+2.44
�2.18 15.49+2.21

�1.94 4.49+0.05
�0.05 0.48+0.02

�0.02 0.71+0.01
�0.01 0.84+0.01

�0.01

1000 deg2 @ 100 h (with 10 per cent) 30.62+2.68
�2.33 15.12+1.95

�1.66 4.49+0.06
�0.06 0.49+0.02

�0.02 0.71+0.01
�0.01 0.84+0.01

�0.01

10 000 deg2 @ 10 h (with 10 per cent) 30.70+3.44
�2.84 14.96+2.05

�1.69 4.49+0.07
�0.07 0.48+0.02

�0.02 0.71+0.02
�0.02 0.84+0.01

�0.01

100 deg2 @ 1000 h (with 25 per cent) 31.68+6.08
�4.45 14.81+2.90

�3.04 4.51+0.11
�0.11 0.49+0.04

�0.04 0.71+0.03
�0.03 0.84+0.02

�0.02

1000 deg2 @ 100 h (with 25 per cent) 31.84+6.00
�4.56 14.87+2.90

�3.00 4.51+0.11
�0.11 0.49+0.04

�0.04 0.71+0.03
�0.03 0.84+0.02

�0.02

10 000 deg2 @ 10 h (with 25 per cent) 32.10+6.87
�4.97 14.81+2.91

�3.01 4.52+0.12
�0.12 0.49+0.05

�0.04 0.71+0.03
�0.03 0.84+0.02

�0.02

Table 2. Summary of the median recovered values (and associated 16th and 84th percentile errors) for our three EoR model parameters,
⇣0, Rmfp and T

min
vir and the associated IGM neutral fraction, x̄H I

for all considered observing strategies (with a 10 and 25 per cent
modelling uncertainty and without a modelling uncertainty). Our fiducial parameter set is (⇣0, Rmfp, log10T

min
vir ) = (30, 15 Mpc, 4.48)

which results in an IGM neutral fraction of x̄H I

= 0.48, 0.71, 0.83 at z = 8, 9 and 10 respectively.

Instrument Parameter (% error)

(multi-z) ⇣
⇣
fid

R
mfp

R
fid,mfp

log
10

(Tmin

vir

)

log
10

(Tmin

vir,fid)

LOFAR 1.32 (40.38) 1.03 (20.06) 1.05 (5.43)

HERA 1.03 (11.81) 1.00 (11.99) 1.00 (1.95)

SKA 1.02 (6.11) 1.00 (10.04) 1.00 (0.96)

Table 3.

pletely overwhelming any potential gains by shortening the
observing times (decreasing the cosmic variance). In e↵ect,
all observing strategies now have the same sensitivity to the
21 cm PS on large scales. On smaller scales, the decreased
thermal noise contribution from the deep and medium-deep
surveys relative to the shallow survey ensures these are pre-
ferred for recovering the EoR constraints in the presence
of a modelling uncertainty. However, as noted in GM15,
increased sensitivity on small scales does not significantly
aid EoR constraints across multiple epoch observations, as
the reionisation history is still adequately sampled from the
large-scales.

Finally, as in Section 4.1, with SKA1–low we can com-
bine all three observing strategies to provide improved over-
all constraints on our EoR parameters. In the case of our
25 (10) per cent modelling uncertainty, we then find the im-
proved constraints of 10.5 (4.9) per cent on ⇣, 10.7 (6.9)
per cent on Rmfp and 1.4 (0.7) per cent on log10T

min
vir . This

highlights the importance of being able to accurately model
the astrophysics of the EoR process. Although, EoR model
dependent, we find up to a factor of 4-5 (2-3) reduction in
the overall fractional precision of the EoR model parameters
for our 25 (10) per cent modelling uncertainty, respectively.
This exemplifies the critical need to further increase and de-
velop our understanding of the modelling of the EoR physics,
in preparation for the quality of data expected from second
generation experiments such as SKA1–low and HERA.

As eluded to previously, our discussions have focused
solely on the recovery of EoR constraints from the 21 cm
PS. While beyond the scope of this current work, constraints

on the EoR model parameters could be further improved by
considering alternative statistics of the 21 cm signal. These
statistics, such as the bispectrum (e.g. Shimabukuro et al.
2015) and other non-Gaussian probes of the 21 cm signal,
would likely benefit from increased sensitivity to small and
intermediate scales and in turn could be more descriptive
statistics than the 3D spherically average 21 cm PS.

5 CONCLUSION

The reionisation epoch is astrophysics rich, probing the
growth, formation and evolution of the first stars and galax-
ies and their physical impact on the IGM ionisation state
and temperature. With this epoch most readily observed
by the redshifted 21 cm hyperfine transition of neutral hy-
drogen, dedicated radio interferometers, such as SKA1–low
should be able, in the near future, to tap into this rich source
of information. For this, it is of vital importance to further
improve our ability to numerically model these complex pro-
cesses to extract as much information as possible from these
sensitive observations. However, it is just as important that
these instruments are tuned and optimised to yield as high
quality a detection of the EoR epoch as possible.

Using the MCMC based EoR analysis tool 21CMMC

(Greig & Mesinger 2015), we explored the optimisation of
SKA1–low. Recently, a generalised final design for SKA1–
low was announced, outlining a ⇠130 000 dipole antenna
array, a 50 per cent reduction of the originally planned first
stage instrument. Therefore we explored how best to dis-
tribute these available resources to optimise SKA1–low for
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Observing strategy Parameter x̄H I

(with/without modelling uncertainty) ⇣0 Rmfp (Mpc) log10(Tmin
vir ) z = 8 z = 9 z = 10

100 deg2 @ 1000 h (without) 30.66+1.20
�1.11 15.94+1.77

�1.42 4.49+0.02
�0.02 0.48+0.01

�0.01 0.71+0.01
�0.01 0.84+0.01

�0.01

1000 deg2 @ 100 h (without) 30.25+1.02
�1.07 15.43+0.31

�1.03 4.48+0.02
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10 000 deg2 @ 10 h (without) 28.71+0.96
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�1.94 4.49+0.05
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�0.01 0.84+0.01

�0.01

1000 deg2 @ 100 h (with 10 per cent) 30.62+2.68
�2.33 15.12+1.95

�1.66 4.49+0.06
�0.06 0.49+0.02

�0.02 0.71+0.01
�0.01 0.84+0.01
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10 000 deg2 @ 10 h (with 10 per cent) 30.70+3.44
�2.84 14.96+2.05

�1.69 4.49+0.07
�0.07 0.48+0.02

�0.02 0.71+0.02
�0.02 0.84+0.01
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100 deg2 @ 1000 h (with 25 per cent) 31.68+6.08
�4.45 14.81+2.90

�3.04 4.51+0.11
�0.11 0.49+0.04

�0.04 0.71+0.03
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1000 deg2 @ 100 h (with 25 per cent) 31.84+6.00
�4.56 14.87+2.90

�3.00 4.51+0.11
�0.11 0.49+0.04
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10 000 deg2 @ 10 h (with 25 per cent) 32.10+6.87
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�3.01 4.52+0.12
�0.12 0.49+0.05
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Table 2. Summary of the median recovered values (and associated 16th and 84th percentile errors) for our three EoR model parameters,
⇣0, Rmfp and T

min
vir and the associated IGM neutral fraction, x̄H I

for all considered observing strategies (with a 10 and 25 per cent
modelling uncertainty and without a modelling uncertainty). Our fiducial parameter set is (⇣0, Rmfp, log10T

min
vir ) = (30, 15 Mpc, 4.48)

which results in an IGM neutral fraction of x̄H I

= 0.48, 0.71, 0.83 at z = 8, 9 and 10 respectively.

Instrument Parameter (% error)

(multi-z) ⇣
⇣
fid

R
mfp

R
fid,mfp

log
10

(Tmin

vir

)

log
10

(Tmin

vir,fid)

LOFAR 1.32 (40.38) 1.03 (20.06) 1.05 (5.43)

HERA 1.03 (11.81) 1.00 (11.99) 1.00 (1.95)

SKA 1.02 (6.11) 1.00 (10.04) 1.00 (0.96)

Table 3.

pletely overwhelming any potential gains by shortening the
observing times (decreasing the cosmic variance). In e↵ect,
all observing strategies now have the same sensitivity to the
21 cm PS on large scales. On smaller scales, the decreased
thermal noise contribution from the deep and medium-deep
surveys relative to the shallow survey ensures these are pre-
ferred for recovering the EoR constraints in the presence
of a modelling uncertainty. However, as noted in GM15,
increased sensitivity on small scales does not significantly
aid EoR constraints across multiple epoch observations, as
the reionisation history is still adequately sampled from the
large-scales.

Finally, as in Section 4.1, with SKA1–low we can com-
bine all three observing strategies to provide improved over-
all constraints on our EoR parameters. In the case of our
25 (10) per cent modelling uncertainty, we then find the im-
proved constraints of 10.5 (4.9) per cent on ⇣, 10.7 (6.9)
per cent on Rmfp and 1.4 (0.7) per cent on log10T

min
vir . This

highlights the importance of being able to accurately model
the astrophysics of the EoR process. Although, EoR model
dependent, we find up to a factor of 4-5 (2-3) reduction in
the overall fractional precision of the EoR model parameters
for our 25 (10) per cent modelling uncertainty, respectively.
This exemplifies the critical need to further increase and de-
velop our understanding of the modelling of the EoR physics,
in preparation for the quality of data expected from second
generation experiments such as SKA1–low and HERA.

As eluded to previously, our discussions have focused
solely on the recovery of EoR constraints from the 21 cm
PS. While beyond the scope of this current work, constraints

on the EoR model parameters could be further improved by
considering alternative statistics of the 21 cm signal. These
statistics, such as the bispectrum (e.g. Shimabukuro et al.
2015) and other non-Gaussian probes of the 21 cm signal,
would likely benefit from increased sensitivity to small and
intermediate scales and in turn could be more descriptive
statistics than the 3D spherically average 21 cm PS.

5 CONCLUSION

The reionisation epoch is astrophysics rich, probing the
growth, formation and evolution of the first stars and galax-
ies and their physical impact on the IGM ionisation state
and temperature. With this epoch most readily observed
by the redshifted 21 cm hyperfine transition of neutral hy-
drogen, dedicated radio interferometers, such as SKA1–low
should be able, in the near future, to tap into this rich source
of information. For this, it is of vital importance to further
improve our ability to numerically model these complex pro-
cesses to extract as much information as possible from these
sensitive observations. However, it is just as important that
these instruments are tuned and optimised to yield as high
quality a detection of the EoR epoch as possible.

Using the MCMC based EoR analysis tool 21CMMC

(Greig & Mesinger 2015), we explored the optimisation of
SKA1–low. Recently, a generalised final design for SKA1–
low was announced, outlining a ⇠130 000 dipole antenna
array, a 50 per cent reduction of the originally planned first
stage instrument. Therefore we explored how best to dis-
tribute these available resources to optimise SKA1–low for
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Observing strategy Parameter x̄H I

(with/without modelling uncertainty) ⇣0 Rmfp (Mpc) log10(Tmin
vir ) z = 8 z = 9 z = 10

100 deg2 @ 1000 h (without) 30.66+1.20
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1000 deg2 @ 100 h (with 25 per cent) 31.84+6.00
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10 000 deg2 @ 10 h (with 25 per cent) 32.10+6.87
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Table 2. Summary of the median recovered values (and associated 16th and 84th percentile errors) for our three EoR model parameters,
⇣0, Rmfp and T

min
vir and the associated IGM neutral fraction, x̄H I

for all considered observing strategies (with a 10 and 25 per cent
modelling uncertainty and without a modelling uncertainty). Our fiducial parameter set is (⇣0, Rmfp, log10T

min
vir ) = (30, 15 Mpc, 4.48)

which results in an IGM neutral fraction of x̄H I

= 0.48, 0.71, 0.83 at z = 8, 9 and 10 respectively.

Instrument Parameter (% error)

(multi-z) ⇣
⇣
fid

R
mfp

R
fid,mfp

log
10

(Tmin

vir

)

log
10

(Tmin

vir,fid)

LOFAR 1.32 (40.38) 1.03 (20.06) 1.05 (5.43)

HERA 1.03 (11.81) 1.00 (11.99) 1.00 (1.95)

SKA 1.02 (6.11) 1.00 (10.04) 1.00 (0.96)

Table 3.

pletely overwhelming any potential gains by shortening the
observing times (decreasing the cosmic variance). In e↵ect,
all observing strategies now have the same sensitivity to the
21 cm PS on large scales. On smaller scales, the decreased
thermal noise contribution from the deep and medium-deep
surveys relative to the shallow survey ensures these are pre-
ferred for recovering the EoR constraints in the presence
of a modelling uncertainty. However, as noted in GM15,
increased sensitivity on small scales does not significantly
aid EoR constraints across multiple epoch observations, as
the reionisation history is still adequately sampled from the
large-scales.

Finally, as in Section 4.1, with SKA1–low we can com-
bine all three observing strategies to provide improved over-
all constraints on our EoR parameters. In the case of our
25 (10) per cent modelling uncertainty, we then find the im-
proved constraints of 10.5 (4.9) per cent on ⇣, 10.7 (6.9)
per cent on Rmfp and 1.4 (0.7) per cent on log10T

min
vir . This

highlights the importance of being able to accurately model
the astrophysics of the EoR process. Although, EoR model
dependent, we find up to a factor of 4-5 (2-3) reduction in
the overall fractional precision of the EoR model parameters
for our 25 (10) per cent modelling uncertainty, respectively.
This exemplifies the critical need to further increase and de-
velop our understanding of the modelling of the EoR physics,
in preparation for the quality of data expected from second
generation experiments such as SKA1–low and HERA.

As eluded to previously, our discussions have focused
solely on the recovery of EoR constraints from the 21 cm
PS. While beyond the scope of this current work, constraints

on the EoR model parameters could be further improved by
considering alternative statistics of the 21 cm signal. These
statistics, such as the bispectrum (e.g. Shimabukuro et al.
2015) and other non-Gaussian probes of the 21 cm signal,
would likely benefit from increased sensitivity to small and
intermediate scales and in turn could be more descriptive
statistics than the 3D spherically average 21 cm PS.

5 CONCLUSION

The reionisation epoch is astrophysics rich, probing the
growth, formation and evolution of the first stars and galax-
ies and their physical impact on the IGM ionisation state
and temperature. With this epoch most readily observed
by the redshifted 21 cm hyperfine transition of neutral hy-
drogen, dedicated radio interferometers, such as SKA1–low
should be able, in the near future, to tap into this rich source
of information. For this, it is of vital importance to further
improve our ability to numerically model these complex pro-
cesses to extract as much information as possible from these
sensitive observations. However, it is just as important that
these instruments are tuned and optimised to yield as high
quality a detection of the EoR epoch as possible.

Using the MCMC based EoR analysis tool 21CMMC

(Greig & Mesinger 2015), we explored the optimisation of
SKA1–low. Recently, a generalised final design for SKA1–
low was announced, outlining a ⇠130 000 dipole antenna
array, a 50 per cent reduction of the originally planned first
stage instrument. Therefore we explored how best to dis-
tribute these available resources to optimise SKA1–low for
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Observing strategy Parameter x̄H I

(with/without modelling uncertainty) ⇣0 Rmfp (Mpc) log10(Tmin
vir ) z = 8 z = 9 z = 10

100 deg2 @ 1000 h (without) 30.66+1.20
�1.11 15.94+1.77

�1.42 4.49+0.02
�0.02 0.48+0.01

�0.01 0.71+0.01
�0.01 0.84+0.01

�0.01

1000 deg2 @ 100 h (without) 30.25+1.02
�1.07 15.43+0.31

�1.03 4.48+0.02
�0.02 0.48+0.01

�0.01 0.70+0.01
�0.01 0.83+0.01

�0.01

10 000 deg2 @ 10 h (without) 28.71+0.96
�0.82 14.22+0.22

�0.19 4.43+0.02
�0.02 0.47+0.01

�0.01 0.69+0.01
�0.01 0.82+0.01

�0.01

100 deg2 @ 1000 h (with 10 per cent) 30.68+2.44
�2.18 15.49+2.21

�1.94 4.49+0.05
�0.05 0.48+0.02

�0.02 0.71+0.01
�0.01 0.84+0.01

�0.01

1000 deg2 @ 100 h (with 10 per cent) 30.62+2.68
�2.33 15.12+1.95

�1.66 4.49+0.06
�0.06 0.49+0.02

�0.02 0.71+0.01
�0.01 0.84+0.01

�0.01

10 000 deg2 @ 10 h (with 10 per cent) 30.70+3.44
�2.84 14.96+2.05

�1.69 4.49+0.07
�0.07 0.48+0.02

�0.02 0.71+0.02
�0.02 0.84+0.01

�0.01

100 deg2 @ 1000 h (with 25 per cent) 31.68+6.08
�4.45 14.81+2.90

�3.04 4.51+0.11
�0.11 0.49+0.04

�0.04 0.71+0.03
�0.03 0.84+0.02

�0.02

1000 deg2 @ 100 h (with 25 per cent) 31.84+6.00
�4.56 14.87+2.90

�3.00 4.51+0.11
�0.11 0.49+0.04

�0.04 0.71+0.03
�0.03 0.84+0.02

�0.02

10 000 deg2 @ 10 h (with 25 per cent) 32.10+6.87
�4.97 14.81+2.91

�3.01 4.52+0.12
�0.12 0.49+0.05

�0.04 0.71+0.03
�0.03 0.84+0.02

�0.02

Table 2. Summary of the median recovered values (and associated 16th and 84th percentile errors) for our three EoR model parameters,
⇣0, Rmfp and T

min
vir and the associated IGM neutral fraction, x̄H I

for all considered observing strategies (with a 10 and 25 per cent
modelling uncertainty and without a modelling uncertainty). Our fiducial parameter set is (⇣0, Rmfp, log10T

min
vir ) = (30, 15 Mpc, 4.48)

which results in an IGM neutral fraction of x̄H I

= 0.48, 0.71, 0.83 at z = 8, 9 and 10 respectively.

Instrument Parameter (% error)

(multi-z) ⇣
⇣
fid

R
mfp

R
fid,mfp

log
10

(Tmin

vir

)

log
10

(Tmin

vir,fid)

LOFAR 1.32 (40.38) 1.03 (20.06) 1.05 (5.43)

HERA 1.03 (11.81) 1.00 (11.99) 1.00 (1.95)

SKA 1.02 (6.11) 1.00 (10.04) 1.00 (0.96)

Table 3.

pletely overwhelming any potential gains by shortening the
observing times (decreasing the cosmic variance). In e↵ect,
all observing strategies now have the same sensitivity to the
21 cm PS on large scales. On smaller scales, the decreased
thermal noise contribution from the deep and medium-deep
surveys relative to the shallow survey ensures these are pre-
ferred for recovering the EoR constraints in the presence
of a modelling uncertainty. However, as noted in GM15,
increased sensitivity on small scales does not significantly
aid EoR constraints across multiple epoch observations, as
the reionisation history is still adequately sampled from the
large-scales.

Finally, as in Section 4.1, with SKA1–low we can com-
bine all three observing strategies to provide improved over-
all constraints on our EoR parameters. In the case of our
25 (10) per cent modelling uncertainty, we then find the im-
proved constraints of 10.5 (4.9) per cent on ⇣, 10.7 (6.9)
per cent on Rmfp and 1.4 (0.7) per cent on log10T

min
vir . This

highlights the importance of being able to accurately model
the astrophysics of the EoR process. Although, EoR model
dependent, we find up to a factor of 4-5 (2-3) reduction in
the overall fractional precision of the EoR model parameters
for our 25 (10) per cent modelling uncertainty, respectively.
This exemplifies the critical need to further increase and de-
velop our understanding of the modelling of the EoR physics,
in preparation for the quality of data expected from second
generation experiments such as SKA1–low and HERA.

As eluded to previously, our discussions have focused
solely on the recovery of EoR constraints from the 21 cm
PS. While beyond the scope of this current work, constraints

on the EoR model parameters could be further improved by
considering alternative statistics of the 21 cm signal. These
statistics, such as the bispectrum (e.g. Shimabukuro et al.
2015) and other non-Gaussian probes of the 21 cm signal,
would likely benefit from increased sensitivity to small and
intermediate scales and in turn could be more descriptive
statistics than the 3D spherically average 21 cm PS.

5 CONCLUSION

The reionisation epoch is astrophysics rich, probing the
growth, formation and evolution of the first stars and galax-
ies and their physical impact on the IGM ionisation state
and temperature. With this epoch most readily observed
by the redshifted 21 cm hyperfine transition of neutral hy-
drogen, dedicated radio interferometers, such as SKA1–low
should be able, in the near future, to tap into this rich source
of information. For this, it is of vital importance to further
improve our ability to numerically model these complex pro-
cesses to extract as much information as possible from these
sensitive observations. However, it is just as important that
these instruments are tuned and optimised to yield as high
quality a detection of the EoR epoch as possible.

Using the MCMC based EoR analysis tool 21CMMC

(Greig & Mesinger 2015), we explored the optimisation of
SKA1–low. Recently, a generalised final design for SKA1–
low was announced, outlining a ⇠130 000 dipole antenna
array, a 50 per cent reduction of the originally planned first
stage instrument. Therefore we explored how best to dis-
tribute these available resources to optimise SKA1–low for

c� 0000 RAS, MNRAS 000, 000–000

2
4
6
8

10
12
14
16
18
20

R
m

fp
(M

p
c)

20 40 60 80 100
⇣

20 40 60 80 100
⇣

20 40 60 80 100
⇣

20 40 60 80 100
⇣

20 40 60 80 100
⇣

20 40 60 80 100
⇣

0.05 0.2 0.4 0.6 0.8 1.0
fesc

4.0

4.2

4.4

4.6

4.8

5.0

5.2

lo
g

1
0
(T

m
in

v
ir

[K
])

2 4 6 8 10 12 14 16 18 20
Rmfp (Mpc)

LOFAR 2�
HERA 2 �
SKA 2�

2
4
6
8

10
12
14
16
18
20

R
m

fp
(M

p
c)

20 40 60 80 100
⇣

20 40 60 80 100
⇣

20 40 60 80 100
⇣

20 40 60 80 100
⇣

20 40 60 80 100
⇣

20 40 60 80 100
⇣

0.05 0.2 0.4 0.6 0.8 1.0
fesc

4.0

4.2

4.4

4.6

4.8

5.0

5.2

lo
g

1
0
(T

m
in

v
ir

[K
])

2 4 6 8 10 12 14 16 18 20
Rmfp (Mpc)

LOFAR
HERA
SKA
2�

2
4
6
8

10
12
14
16
18
20

R
m

fp
(M

p
c)

20 40 60 80 100
⇣

20 40 60 80 100
⇣

20 40 60 80 100
⇣

20 40 60 80 100
⇣

20 40 60 80 100
⇣

20 40 60 80 100
⇣

0.05 0.2 0.4 0.6 0.8 1.0
fesc

4.0

4.2

4.4

4.6

4.8

5.0

5.2

lo
g

1
0
(T

m
in

v
ir

[K
])

2 4 6 8 10 12 14 16 18 20
Rmfp (Mpc)

LOFAR
HERA
SKA
1�
2�

2

4

6

8

10

12

14

16

18

20

R
m

fp
(M

p
c)

20 40 60 80 100
⇣

20 40 60 80 100
⇣

20 40 60 80 100
⇣

20 40 60 80 100
⇣

20 40 60 80 100
⇣

20 40 60 80 100
⇣

0.05 0.2 0.4 0.6 0.8 1.0
fesc

4.0

4.2

4.4

4.6

4.8

5.0

5.2

lo
g

1
0
(T

m
in

v
ir

[K
])

LOFAR
HERA
SKA
1�
2�

2 4 6 8 10 12 14 16 18 20
Rmfp (Mpc)

12 B. Greig et al.

Observing strategy Parameter x̄H I

(with/without modelling uncertainty) ⇣0 Rmfp (Mpc) log10(Tmin
vir ) z = 8 z = 9 z = 10

100 deg2 @ 1000 h (without) 30.66+1.20
�1.11 15.94+1.77
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�0.11 0.49+0.04
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Table 2. Summary of the median recovered values (and associated 16th and 84th percentile errors) for our three EoR model parameters,
⇣0, Rmfp and T

min
vir and the associated IGM neutral fraction, x̄H I

for all considered observing strategies (with a 10 and 25 per cent
modelling uncertainty and without a modelling uncertainty). Our fiducial parameter set is (⇣0, Rmfp, log10T

min
vir ) = (30, 15 Mpc, 4.48)

which results in an IGM neutral fraction of x̄H I

= 0.48, 0.71, 0.83 at z = 8, 9 and 10 respectively.

Instrument Parameter (% error)

(multi-z) ⇣
⇣
fid
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fid,mfp

log
10

(Tmin

vir

)

log
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(Tmin

vir,fid)

LOFAR 1.32 (40.38) 1.03 (20.06) 1.05 (5.43)

HERA 1.03 (11.81) 1.00 (11.99) 1.00 (1.95)

SKA 1.02 (6.11) 1.00 (10.04) 1.00 (0.96)

Table 3.

pletely overwhelming any potential gains by shortening the
observing times (decreasing the cosmic variance). In e↵ect,
all observing strategies now have the same sensitivity to the
21 cm PS on large scales. On smaller scales, the decreased
thermal noise contribution from the deep and medium-deep
surveys relative to the shallow survey ensures these are pre-
ferred for recovering the EoR constraints in the presence
of a modelling uncertainty. However, as noted in GM15,
increased sensitivity on small scales does not significantly
aid EoR constraints across multiple epoch observations, as
the reionisation history is still adequately sampled from the
large-scales.

Finally, as in Section 4.1, with SKA1–low we can com-
bine all three observing strategies to provide improved over-
all constraints on our EoR parameters. In the case of our
25 (10) per cent modelling uncertainty, we then find the im-
proved constraints of 10.5 (4.9) per cent on ⇣, 10.7 (6.9)
per cent on Rmfp and 1.4 (0.7) per cent on log10T

min
vir . This

highlights the importance of being able to accurately model
the astrophysics of the EoR process. Although, EoR model
dependent, we find up to a factor of 4-5 (2-3) reduction in
the overall fractional precision of the EoR model parameters
for our 25 (10) per cent modelling uncertainty, respectively.
This exemplifies the critical need to further increase and de-
velop our understanding of the modelling of the EoR physics,
in preparation for the quality of data expected from second
generation experiments such as SKA1–low and HERA.

As eluded to previously, our discussions have focused
solely on the recovery of EoR constraints from the 21 cm
PS. While beyond the scope of this current work, constraints

on the EoR model parameters could be further improved by
considering alternative statistics of the 21 cm signal. These
statistics, such as the bispectrum (e.g. Shimabukuro et al.
2015) and other non-Gaussian probes of the 21 cm signal,
would likely benefit from increased sensitivity to small and
intermediate scales and in turn could be more descriptive
statistics than the 3D spherically average 21 cm PS.

5 CONCLUSION

The reionisation epoch is astrophysics rich, probing the
growth, formation and evolution of the first stars and galax-
ies and their physical impact on the IGM ionisation state
and temperature. With this epoch most readily observed
by the redshifted 21 cm hyperfine transition of neutral hy-
drogen, dedicated radio interferometers, such as SKA1–low
should be able, in the near future, to tap into this rich source
of information. For this, it is of vital importance to further
improve our ability to numerically model these complex pro-
cesses to extract as much information as possible from these
sensitive observations. However, it is just as important that
these instruments are tuned and optimised to yield as high
quality a detection of the EoR epoch as possible.

Using the MCMC based EoR analysis tool 21CMMC

(Greig & Mesinger 2015), we explored the optimisation of
SKA1–low. Recently, a generalised final design for SKA1–
low was announced, outlining a ⇠130 000 dipole antenna
array, a 50 per cent reduction of the originally planned first
stage instrument. Therefore we explored how best to dis-
tribute these available resources to optimise SKA1–low for
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HERA is primarily designed 
to access the Epoch of 

Reionization…but already 
has some sensitivity to 

cosmology… 
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Cosmological parameter uncertainties 
are non-negligible for HERA

Cosmo params fixed 
Cosmo params varied

AL & Parsons (2016)



2
4
6
8

10
12
14
16
18
20

R
m

fp
(M

p
c)

20 40 60 80 100
⇣

20 40 60 80 100
⇣

20 40 60 80 100
⇣

20 40 60 80 100
⇣

20 40 60 80 100
⇣

20 40 60 80 100
⇣

2

0.05 0.2 0.4 0.6 0.8 1.0
fesc

4.0

4.2

4.4

4.6

4.8

5.0

5.2

lo
g

1
0
(T

m
in

v
ir

[K
])

2 4 6 8 10 12 14 16 18 20
Rmfp (Mpc)

z



21cm information breaks the degeneracy 
between the amplitude of fluctuations and 

the optical depth
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Both As and the neutrino mass can affect 
small scale power, leading to degeneracies
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What drives the design of HERA? 
What are the similarities and 

differences when compared to a 
cosmology-centric 21cm instrument?



Why is HERA such a 
regular array?



A regular grid enables: 
• Calibration via redundancy 
• High sensitivity by repeated 

measurements of the same Fourier modes 
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A regular grid enables: 
• Calibration via redundancy 
• High sensitivity by repeated 

measurements of the same Fourier modes 
With the option of: 
• Using FFT correlation

Split core
= better imaging



Why does HERA have 
such short baselines?



• Short baselines are less chromatic 

• A compact array gives better thermal noise 
sensitivity 

• High k modes are accessed along the line-of-sight 
anyway



21cm interferometers are not 
naturally Cl instruments at high z

Max. baseline length





Why does HERA use 
such big dishes?



HERA’s strategy is to work at high k to avoid 
foregrounds. Thermal noise is high there, so 

large collecting areas are necessary

k [hMpc-1] 

Δ
2 (

k)
 [m
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Why not have smaller 
dishes, but have more of 

them?



• Having more dishes would require a much larger 
correlator to get to the same collecting area. 

• Larger dishes have smaller fields of view, reducing 
the response to the horizon. 

• This is not without downsides: 

• Cosmic variance? Likely not a problem. 

• Limited cross-correlation options with other 
surveys.
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HERA is optimized for its science case, 
but various design parameters should be 

revisited for futuristic arrays

• Larger field-of 
view? 

• Tracking? 

• Faster (e.g. FFT) 
correlators? 

• Will longer 
baselines/angular 
information become 
more necessary?
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12 B. Greig et al.

Observing strategy Parameter x̄H I

(with/without modelling uncertainty) ⇣0 Rmfp (Mpc) log10(Tmin
vir ) z = 8 z = 9 z = 10

100 deg2 @ 1000 h (without) 30.66+1.20
�1.11 15.94+1.77

�1.42 4.49+0.02
�0.02 0.48+0.01

�0.01 0.71+0.01
�0.01 0.84+0.01

�0.01

1000 deg2 @ 100 h (without) 30.25+1.02
�1.07 15.43+0.31

�1.03 4.48+0.02
�0.02 0.48+0.01

�0.01 0.70+0.01
�0.01 0.83+0.01

�0.01

10 000 deg2 @ 10 h (without) 28.71+0.96
�0.82 14.22+0.22

�0.19 4.43+0.02
�0.02 0.47+0.01

�0.01 0.69+0.01
�0.01 0.82+0.01

�0.01

100 deg2 @ 1000 h (with 10 per cent) 30.68+2.44
�2.18 15.49+2.21

�1.94 4.49+0.05
�0.05 0.48+0.02

�0.02 0.71+0.01
�0.01 0.84+0.01

�0.01

1000 deg2 @ 100 h (with 10 per cent) 30.62+2.68
�2.33 15.12+1.95

�1.66 4.49+0.06
�0.06 0.49+0.02

�0.02 0.71+0.01
�0.01 0.84+0.01

�0.01

10 000 deg2 @ 10 h (with 10 per cent) 30.70+3.44
�2.84 14.96+2.05

�1.69 4.49+0.07
�0.07 0.48+0.02

�0.02 0.71+0.02
�0.02 0.84+0.01

�0.01

100 deg2 @ 1000 h (with 25 per cent) 31.68+6.08
�4.45 14.81+2.90

�3.04 4.51+0.11
�0.11 0.49+0.04

�0.04 0.71+0.03
�0.03 0.84+0.02

�0.02

1000 deg2 @ 100 h (with 25 per cent) 31.84+6.00
�4.56 14.87+2.90

�3.00 4.51+0.11
�0.11 0.49+0.04

�0.04 0.71+0.03
�0.03 0.84+0.02

�0.02

10 000 deg2 @ 10 h (with 25 per cent) 32.10+6.87
�4.97 14.81+2.91

�3.01 4.52+0.12
�0.12 0.49+0.05

�0.04 0.71+0.03
�0.03 0.84+0.02

�0.02

Table 2. Summary of the median recovered values (and associated 16th and 84th percentile errors) for our three EoR model parameters,
⇣0, Rmfp and T

min
vir and the associated IGM neutral fraction, x̄H I

for all considered observing strategies (with a 10 and 25 per cent
modelling uncertainty and without a modelling uncertainty). Our fiducial parameter set is (⇣0, Rmfp, log10T

min
vir ) = (30, 15 Mpc, 4.48)

which results in an IGM neutral fraction of x̄H I

= 0.48, 0.71, 0.83 at z = 8, 9 and 10 respectively.

Instrument Parameter (% error)

(multi-z) ⇣
⇣
fid

R
mfp

R
fid,mfp

log
10

(Tmin

vir

)

log
10

(Tmin

vir,fid)

LOFAR 1.32 (40.38) 1.03 (20.06) 1.05 (5.43)

HERA 1.03 (11.81) 1.00 (11.99) 1.00 (1.95)

SKA 1.02 (6.11) 1.00 (10.04) 1.00 (0.96)

Table 3.

pletely overwhelming any potential gains by shortening the
observing times (decreasing the cosmic variance). In e↵ect,
all observing strategies now have the same sensitivity to the
21 cm PS on large scales. On smaller scales, the decreased
thermal noise contribution from the deep and medium-deep
surveys relative to the shallow survey ensures these are pre-
ferred for recovering the EoR constraints in the presence
of a modelling uncertainty. However, as noted in GM15,
increased sensitivity on small scales does not significantly
aid EoR constraints across multiple epoch observations, as
the reionisation history is still adequately sampled from the
large-scales.

Finally, as in Section 4.1, with SKA1–low we can com-
bine all three observing strategies to provide improved over-
all constraints on our EoR parameters. In the case of our
25 (10) per cent modelling uncertainty, we then find the im-
proved constraints of 10.5 (4.9) per cent on ⇣, 10.7 (6.9)
per cent on Rmfp and 1.4 (0.7) per cent on log10T

min
vir . This

highlights the importance of being able to accurately model
the astrophysics of the EoR process. Although, EoR model
dependent, we find up to a factor of 4-5 (2-3) reduction in
the overall fractional precision of the EoR model parameters
for our 25 (10) per cent modelling uncertainty, respectively.
This exemplifies the critical need to further increase and de-
velop our understanding of the modelling of the EoR physics,
in preparation for the quality of data expected from second
generation experiments such as SKA1–low and HERA.

As eluded to previously, our discussions have focused
solely on the recovery of EoR constraints from the 21 cm
PS. While beyond the scope of this current work, constraints

on the EoR model parameters could be further improved by
considering alternative statistics of the 21 cm signal. These
statistics, such as the bispectrum (e.g. Shimabukuro et al.
2015) and other non-Gaussian probes of the 21 cm signal,
would likely benefit from increased sensitivity to small and
intermediate scales and in turn could be more descriptive
statistics than the 3D spherically average 21 cm PS.

5 CONCLUSION

The reionisation epoch is astrophysics rich, probing the
growth, formation and evolution of the first stars and galax-
ies and their physical impact on the IGM ionisation state
and temperature. With this epoch most readily observed
by the redshifted 21 cm hyperfine transition of neutral hy-
drogen, dedicated radio interferometers, such as SKA1–low
should be able, in the near future, to tap into this rich source
of information. For this, it is of vital importance to further
improve our ability to numerically model these complex pro-
cesses to extract as much information as possible from these
sensitive observations. However, it is just as important that
these instruments are tuned and optimised to yield as high
quality a detection of the EoR epoch as possible.

Using the MCMC based EoR analysis tool 21CMMC

(Greig & Mesinger 2015), we explored the optimisation of
SKA1–low. Recently, a generalised final design for SKA1–
low was announced, outlining a ⇠130 000 dipole antenna
array, a 50 per cent reduction of the originally planned first
stage instrument. Therefore we explored how best to dis-
tribute these available resources to optimise SKA1–low for
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Table 2. Summary of the median recovered values (and associated 16th and 84th percentile errors) for our three EoR model parameters,
⇣0, Rmfp and T

min
vir and the associated IGM neutral fraction, x̄H I

for all considered observing strategies (with a 10 and 25 per cent
modelling uncertainty and without a modelling uncertainty). Our fiducial parameter set is (⇣0, Rmfp, log10T

min
vir ) = (30, 15 Mpc, 4.48)

which results in an IGM neutral fraction of x̄H I

= 0.48, 0.71, 0.83 at z = 8, 9 and 10 respectively.
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LOFAR 1.32 (40.38) 1.03 (20.06) 1.05 (5.43)

HERA 1.03 (11.81) 1.00 (11.99) 1.00 (1.95)

SKA 1.02 (6.11) 1.00 (10.04) 1.00 (0.96)

Table 3.

pletely overwhelming any potential gains by shortening the
observing times (decreasing the cosmic variance). In e↵ect,
all observing strategies now have the same sensitivity to the
21 cm PS on large scales. On smaller scales, the decreased
thermal noise contribution from the deep and medium-deep
surveys relative to the shallow survey ensures these are pre-
ferred for recovering the EoR constraints in the presence
of a modelling uncertainty. However, as noted in GM15,
increased sensitivity on small scales does not significantly
aid EoR constraints across multiple epoch observations, as
the reionisation history is still adequately sampled from the
large-scales.

Finally, as in Section 4.1, with SKA1–low we can com-
bine all three observing strategies to provide improved over-
all constraints on our EoR parameters. In the case of our
25 (10) per cent modelling uncertainty, we then find the im-
proved constraints of 10.5 (4.9) per cent on ⇣, 10.7 (6.9)
per cent on Rmfp and 1.4 (0.7) per cent on log10T

min
vir . This

highlights the importance of being able to accurately model
the astrophysics of the EoR process. Although, EoR model
dependent, we find up to a factor of 4-5 (2-3) reduction in
the overall fractional precision of the EoR model parameters
for our 25 (10) per cent modelling uncertainty, respectively.
This exemplifies the critical need to further increase and de-
velop our understanding of the modelling of the EoR physics,
in preparation for the quality of data expected from second
generation experiments such as SKA1–low and HERA.

As eluded to previously, our discussions have focused
solely on the recovery of EoR constraints from the 21 cm
PS. While beyond the scope of this current work, constraints

on the EoR model parameters could be further improved by
considering alternative statistics of the 21 cm signal. These
statistics, such as the bispectrum (e.g. Shimabukuro et al.
2015) and other non-Gaussian probes of the 21 cm signal,
would likely benefit from increased sensitivity to small and
intermediate scales and in turn could be more descriptive
statistics than the 3D spherically average 21 cm PS.

5 CONCLUSION

The reionisation epoch is astrophysics rich, probing the
growth, formation and evolution of the first stars and galax-
ies and their physical impact on the IGM ionisation state
and temperature. With this epoch most readily observed
by the redshifted 21 cm hyperfine transition of neutral hy-
drogen, dedicated radio interferometers, such as SKA1–low
should be able, in the near future, to tap into this rich source
of information. For this, it is of vital importance to further
improve our ability to numerically model these complex pro-
cesses to extract as much information as possible from these
sensitive observations. However, it is just as important that
these instruments are tuned and optimised to yield as high
quality a detection of the EoR epoch as possible.

Using the MCMC based EoR analysis tool 21CMMC

(Greig & Mesinger 2015), we explored the optimisation of
SKA1–low. Recently, a generalised final design for SKA1–
low was announced, outlining a ⇠130 000 dipole antenna
array, a 50 per cent reduction of the originally planned first
stage instrument. Therefore we explored how best to dis-
tribute these available resources to optimise SKA1–low for
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